We present the results of the Extremely Luminous Quasar Survey in the 3π survey of the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; PS1). This effort applies the successful quasar selection strategy of the Extremely Luminous Survey in the Sloan Digital Sky Survey footprint (∼ 12, 000 deg 2 ) to a much larger area (∼ 21486 deg 2 ). This spectroscopic survey targets the most luminous quasars (M 1450 ≤ −26.5; m i ≤ 18.5) at intermediate redshifts (z ≥ 2.8). Candidates are selected based on a near-infrared JKW2 color cut using WISE AllWISE and 2MASS photometry to mainly reject stellar contaminants. Photometric redshifts (z reg ) and star-quasar classifications for each candidate are calculated from near-infrared and optical photometry using the supervised machine learning technique random forests. We select 806 quasar candidates at z reg ≥ 2.8 from a parent sample of 74318 sources. After exclusion of known sources and rejection of candidates with unreliable photometry, we have taken optical identification spectra for 290 of our 334 good PS-ELQS candidates. We report the discovery of 190 new z ≥ 2.8 quasars and an additional 28 quasars at lower redshifts. A total of 44 good PS-ELQS candidates remain unobserved. Including all known quasars at z ≥ 2.8, our quasar selection method has a selection efficiency of at least 77%. At lower declinations −30 ≤ Decl. ≤ 0 we approximately triple the known population of extremely luminous quasars. We provide the PS-ELQS quasar catalog with a total of 592 luminous quasars (m i ≤ 18.5, z ≥ 2.8). This unique sample will not only be able to provide constraints on the volume density and quasar clustering of extremely luminous quasars, but also offers valuable targets for studies of the intergalactic medium.
INTRODUCTION
Quasars are excellent tracers of the formation and evolution of highly accreting supermassive black holes (SMBHs) across cosmic time. Their large luminosities not only allow us to detect and study them within the first billion years of the universe (e.g. Fan et al. 2000) , but further provide strong background sources with which one can probe the large-scale structure formation of the universe and the nature of the intergalactic medium (e.g. Simcoe et al. 2004; Prochaska et al. 2005) . The highest redshift quasars at z ≥ 7 provide strong constraints on the re-ionization of the universe (Mortlock et al. 2011; Bañados et al. 2018; Wang et al. 2018b; Matsuoka et al. 2019 ) and on models of SMBH formation (Volonteri 2012) .
Large quasar surveys provide the necessary number statistics to study the evolution of active SMBHs. The Sloan Digital Sky Survey (SDSS; York et al. 2000) , the Baryon Oscillation Spectroscopic Survey (BOSS; Eisenstein et al. 2011; Dawson et al. 2013 ) and the extended BOSS (eBOSS; Dawson et al. 2016 ) have identified over 500,000 quasars at z 6 and dozens of quasars at z > 6 (Fan et al. 2001 (Fan et al. , 2003 (Fan et al. , 2004 (Fan et al. , 2006 Jiang et al. 2008 Jiang et al. , 2009 Jiang et al. , 2016 Efforts at higher redshifts have also utilized other large surveys like the CFHQS(e.g. Willott et al. 2007 Willott et al. , 2010 , UKIDSS(e.g. Venemans et al. 2007; Mortlock et al. 2011) , VIKING (Venemans et al. 2013) , VST-ATLAS (Carnall et al. 2015; Chehade et al. 2018) , DES (Reed et al. 2015 (Reed et al. , 2017 Yang et al. 2018a; Reed et al. 2019) , Pan-STARRS1 (Morganson et al. 2012; Bañados et al. 2014 Bañados et al. , 2016 Mazzucchelli et al. 2017; Pons et al. 2019 ) and the DESI Legacy Imaging Surveys ). The Hyper Surprime-Cam Subaru Strategic program (Aihara et al. 2018 ) allowed the exploration of the fainter quasar population at intermediate (Akiyama et al. 2018 ) and high redshifts (Kashikawa et al. 2015; Matsuoka et al. 2016 Matsuoka et al. , 2018a .
While the recent efforts have mainly focused on the high redshift quasar regime, surveys to identify intermediate redshift quasars outside the SDSS footprint have been scarce. Especially the 3π wide area coverage of the Pan-STARRS1 (Panoramic Survey Telescope and Rapid Response System, Kaiser et al. 2002 Kaiser et al. , 2010 survey (PS1; Chambers et al. 2016) provides an excellent opportunity to explore the extremely luminous quasar population (M 1450 −28). While these extremely luminous quasars at intermediate redshift are similarly rare as high redshift quasars (10 −9 Mpc −3 mag −1 ), see e.g. Ross et al. (2013) , they are valuable sources to study the He-reionization of the universe (Worseck & Prochaska 2011; Worseck et al. 2016) , to explore the ionization state of the IGM (Schmidt et al. 2018) , to investigate quasar clustering (e.g. Myers et al. 2006) and to constrain the evolution of the bright-end of the quasar population (Schindler et al. 2018) .
In this work we build on the Extremely Luminous Quasar Survey in the SDSS footprint (ELQS; Schindler et al. 2017 , hereafter ELQS1) to discover z = 2.8 − 5 quasars with m i ≤ 18.5 in ∼ 21486 deg 2 of the PS1 3π footprint. We first describe the photometry that the quasar selection is based on (Section 2) and give an overview over quasar cata-logs in the literature that we use (Section 3). We subsequently present our quasar selection strategy in Section 4 and the construction of the PS-ELQS candidate catalog in Section 5. Section 6 discusses the spectroscopic observations and the data reduction, before we present the PS-ELQS quasar catalog in Section 7. We discuss our results in Section 8 and provide a summary in Section 9. Discovery spectra and tables detailing properties of the newly discovered quasars are available in the appendix.
We present magnitudes in the AB system (Oke & Gunn 1983) , which are corrected for galactic extinction (Schlegel et al. 1998 ). All optical passbands refer to PS1, unless otherwise noted. Extinction corrected magnitudes are denoted by m x , where x refers to the photometric band, as opposed to extinction uncorrected magnitudes x. We employ a standard ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7, generally consistent with recent measurements (Planck Collaboration et al. 2016 ).
2. PHOTOMETRY 2.1. The Wide-field Infrared Survey Explorer (WISE) Our quasar selection takes advantage of the WISE All-WISE data release providing infrared photometry over the entire sky at 3.4, 4.6, 12, and 22 µm (W1, W2, W3, W4). AllWISE combines data from the original cryogenic mission and its post cryogenic extension (Mainzer et al. 2011) 5 . For our selection process we use the W1 (3.4 µm) and W2 (4.6 µm) photometry, for which the AllWISE source catalog achieved 95% photometric completeness for all sources with limiting magnitudes brighter than 19.8, 19.0 (Vega: 17.1, 15.7), respectively. Vega magnitudes were converted to the AB magnitude system using W 1 AB = W 1 Vega + 2.699 and W 2 AB = W 2 Vega + 3.339 and extinction corrected using A W1 , A W2 = 0.189, 0.146.
The Two Micron All Sky Survey (2MASS)
We extend the WISE photometry to the near-infrared taking advantage of the 2MASS survey, which mapped the entire sky in the near-infrared bands J (1.25 µm), H (1.65 µm) and K s (2.17 µm). The 2MASS point source catalog (PSC) includes all sources detected with a singal-to-noise ratio of SNR ≥ 7 in one band or SNR ≥ 5 detections in all three bands. Unfortunately, due to strong confusion of sources closer to the galactic plane, the photometric sensitivity is a strong function of galactic latitude. Generally, all sources brighter than 16.7, 16.4, 16.1 (Vega: 15.8, 15.0, 14. 3) in the J,H and K s bands are detected with 10σ photometric sensitivity. However, based on the on-line documentation 6 we estimate the 10σ limiting magnitudes for higher latitudes to be J = 17.7, H = 17.5, K s = 17.1. Conveniently, the 2MASS PSC has been pre-matched to the WISE AllWISE source catalog. The match corresponds to the closest 2MASS object within a 3 radius of the WISE position. All 2MASS Vega magnitudes are converted to the AB system using J AB =J Vega + 0.894, H AB =H Vega + 1.374, K s,AB =K s,Vega + 1.84 and corrected for galactic extinction (A J , A H , A Ks =0.723, 0.460, 0.310).
The Panoramic Survey Telescope And Rapid Response
System 1 (PS1)
http://irsa.ipac.caltech.edu/cgi-bin/Gator/ nph-scan?submit=Select&projshort=WISE We combine the near-infrared/infrared photometry of 2MASS and WISE by DR1 optical photometry from the PS1 3π survey (Chambers et al. 2016) . PS1 delivers optical photometry in the g-, r-, i-, z-, and y-bands up to a depth of 23.3, 23.2, 23.1, 22.3 and 21 .3 magnitudes (5σ, 3π stack) over 3π steradian of the sky (Decl. > −30). Saturation only occurs at magnitudes of ∼ 12 − 14, depending on the seeing conditions. The PS1 photometry is nominally on the AB system. All magnitudes were corrected for galactic extinction (A g , A r , A i , A z , A y = 3.172, 2.271, 1.682, 1.322, 1.087).
QUASAR CATALOGS IN THE LITERATURE
To match promising candidates with known quasars from the literature, we make use of the large quasar samples discovered by SDSS I/II (Abazajian et al. 2009 ), BOSS, and eBOSS published in the SDSS DR7 (DR7Q; Schneider et al. 2010 ), DR12 (DR12Q; Pâris et al. 2012 ) and DR14 (DR14Q; Pâris et al. 2018 ) quasar catalogs.
The quasar selection for the SDSS I/II spectroscopic survey is described in Richards et al. (2002) and selects quasars as outliers of the stellar locus in the ugri and griz color space. Inclusion regions are designed to include quasars in certain redshift ranges, that are highly contaminated with stellar sources. The resulting DR7Q includes 100,000 quasars over 9, 380 deg 2 region of the SDSS DR7 footprint. The BOSS quasar selection (Bovy et al. 2011 ) was optimized to find quasars in the targeted redshift range of BOSS at 2.2 < z < 3.5. The newly discovered quasars in BOSS were published in DR12Q. The eBOSS quasar selection ) is based on the XDQSO method (Bovy et al. 2011 ) and a mid-infrared color cut to provide a uniform quasar sample over 7500 deg 2 with g SDSS < 22 or r SDSS < 22. The latest version of the SDSS quasar catalog (DR14Q) was then designed to include all quasars observed during any of the stages of SDSS. Therefore the DR14Q includes nearly all of the DR7Q and DR12Q quasars. All in all, SDSS discovered more than 500,000 quasars in the northern hemisphere and makes up for the majority of the known quasars in the PS1 footprint. We use all three SDSS quasar catalogs mentioned above to match our candidate sample against known sources. Furthermore, the quasar training set for the random forest regression and classification is built from DR7Q and DR12Q quasars.
In addition to the SDSS quasar catalogs we also match our candidates against the Million Quasar Catalog (MQC, version 5.7b; Flesch 2015) . The MQC is a compilation of type I and type II AGN from all the available literature, including a large fraction of quasar candidates. All quasars from the SDSS quasar catalogs can also be found within MQC. For the crossmatch to our candidate list we exclude all quasar candidates. Yang et al. (publication in preparation) are also working on a spectroscopic survey of bright quasars at intermediate redshifts similar to PS-ELQS. They are exploring two quasar selections (Wu & Jia 2010; Wu et al. 2012 ) targeted at z ≈ 2−3 and at z ≥ 4 to assess different selection criteria for the upcoming LAMOST quasar survey. The spectroscopic identification campaigns were carried out with the Lijiang telescope (2.4 m) and the Xinglong telescope (2.16 m). A number of PS-ELQS candidates were spectroscopically identified by their efforts.
THE PS-ELQS QUASAR SELECTION
The PS-ELQS quasar selection is in many aspects analogous to the original ELQS quasar selection (see Section 4-6, ELQS1). However, the optical photometry from PS1 does not provide u-band measurements like SDSS did. While our initial near-infrared JKW2 color cut selection is not affected by this, we loose information on quasars, where the broad emission lines transition from the u-band to the g-band. As a consequence our photometric redshift estimates for quasars at z 3 might be more unreliable. The additional y-band filter of PS1, which is essential for high redshift quasar selections, only adds little information for the search of intermediate redshift quasars.
The following subsections describe the PS-ELQS footprint as well as the individual steps of our quasar selection strategy in detail.
PS-ELQS footprint
The ELQS aimed to discover extremely bright, intermediate redshift quasars, which are very rare. The survey used optical photometry provided by the SDSS over ∼ 12.000 deg 2 , excluding the galactic plane. With the public data release of the PS1 3π survey we can extend our previous efforts to a much larger area and into regions, which have not been included in previous quasar surveys. Therefore PS-ELQS is designed to cover the entire PS1 footprint except the galactic plane (|b| ≤ 20). Compared to the ELQS footprint we cover an additional ∼ 9600 deg 2 , of which the majority (∼ 5600 deg 2 ) lies at −30 ≤ Decl. ≤ 0. Figure 1 shows a Mollweide projection of the entire sky in the equatorial coordinate system. The coverage of the original ELQS is shown in grey. Two thick solid lines map the outline of the galactic plane (|b| ≤ 20), which we exclude from our selection. A third solid line at Decl. = −30, shows the southern border of the PS1 footprint. We effectively select the all the area above Decl. = −30 and outside of |b| ≤ 20 for the PS-ELQS survey. Colored data points show all 592 quasars from the PS-ELQS quasar catalog described in Section 7. The color refers to their source of identification.
We employ the Hierarchical Equal Area isoLatitude Pixelization (HEALPix; Górski et al. 2005) to roughly estimate the area of the PS-ELQS footprint similar to Jiang et al. (2016) . HEALPix divides the sky into a grid of curvilinear, equal-sized quadrilaterals. At the lowest resolution the sky is represented by 12 pixels. To create higher resolution maps each pixel is subdivided into four pixels per resolution level. Therefore the total number of pixels follows N pix = 12 · 2 lvl . Our coverage estimate is based on 1.918.290 sources selected by our photometric JKW2 color-cut selection (Section 4.2), which were matched to PS1 according to our quality criteria but without enforcing the extended object rejection. We expect the PS-ELQS footprint to roughly cover ∼ 20, 000 deg 2 , resulting on average in one source per ∼ 0.01 deg 2 . We choose resolutions with lvl = 6, 7, 8, 9 to calculate our coverage maps, resulting in a total number of pixels of 49152, 196608, 786432, 3145728 with ∼ 0.84, 0.02, 0.05, 0.01 deg 2 per pixel. Our coverage estimates for these three resolution levels are 21697, 21487, 20676, 13501 deg 2 , respectively. There is a large decrease in coverage from lvl = 8 to 9. At the highest resolution the pixel density is approaching the source density and we are effectively oversampling the area.
We adopt a resolution of lvl = 7 with an effective area of 21486 +210 −833 deg 2 for our final coverage estimate. The uncertainties reflect the differences to the coarser (lvl = 6) and finer (lvl = 8) resolutions.
Photometric Selection
We begin our photometric selection with the WISE All-WISE catalog pre-matched to all sources from the 2MASS point source catalog (PSC). An overview of the selection process is given in Section 5 . The source selection is restricted to higher galactic latitudes (|b| ≥ 20) to exclude the galactic plane, where a high source density leads to significant source confusion. The selection further requires a signal-to-noise ratio of S/N ≥ 5 in the WISE W1 and W2 bands and J-band detections (J > 0) for all objects. At the heart of the nearinfrared selection is the JKW2 color cut (ELQS1),
which allows to clearly separate quasars at z < 5 from the stellar locus in J-K-W2 color-space.
We obtained 3,815,192 sources, which are then further matched to optical photometry from the Pan-STARRS PS1 catalog within a 3. 96 aperture using the STSCI MAST casjobs interface 7 . We adopt the flags outlined in Bañados et al. (2014, their Table 6 ) to ensure the selection of reliable photometry according to the Image Processing Pipeline (Magnier 2006 (Magnier , 2007 . The full SQL query to retrieve the PS1 data is provided in Appendix E. We have included a loose criterion to reject extended sources (Section 4.3) in the query to reduce the download size of the data set. The match to the Pan-STARRS PS1 catalog returned a total of 74318 sources.
The Pan-STARRS PS1 photometry has been matched with the AllWISE position. While the AllWISE PSF is larger than the 2MASS PSF, their average astrometric precision with respect to the U.S. Naval Observatory CCD Astrograph Catalog is similar (2MASS:∼ 80 mas, AllWISE:∼ 87 mas). However, the 2MASS PSC online documentation 8 notes that stars fainter than K Vega ∼ 14 have worse position residuals, which indicates that the extraction uncertainties dominate rather than the uncertainties in the mapping into the IRCS reference frame. As our selection is limited by the depth of the 2MASS survey and the majority of the pre-matched 3,815,192 sources have K Vega > 14, we preferred to use the AllWISE position over the 2MASS position for the cross-match to PanSTARRS PS1.
The optical and near-infrared photometry is extinction corrected using the python dustmaps module (Green et al. 2018) with the values of Schlegel et al. (1998) .
Rejection of extended sources
The JKW2 color cut is highly successful in rejecting stellar contaminants. However, as described in ELQS1, galaxies straddle the color cut and become our main contaminants once the majority of stars are excluded.
We use the absolute value of the magnitude difference (∆m) between the PS1 mean PSF magnitudes (iMeanPSFMag) and the PS1 mean aperture magnitudes (iMeanApMag) as our main quantity to identify extended sources.
In Figure 2 (a) we display two data sets as a function of their magnitude difference, ∆m. solid line) is calculated from all sources in a region of b ≤ −20 120 ≤ l ≤ 240 (galactic coordinates) that passed the JKW2 color cut and were matched to PS1 photometry according to our criteria above. This corresponds to roughly 2250 deg 2 or ∼ 10% of the total survey area. There are 267,951 sources in this data set, of which 12,579 (15,696) have ∆m ≤ 0.15 (0.3). The distribution of the sources as a function of ∆m has a minimum around ∆m ≈ 0.2, with the majority of sources in the data set exhibiting higher values of ∆m. The second data set contains the quasars from the combined SDSS DR7 and SDSS DR12 quasar catalogs matched to PS1 photometry. In addition, we only include quasars with i < 18.5 and (visually inspected) z > 2.5 to restrict the quasar sample to the same magnitude range and redshift range that we target with our selection. All of the remaining 1736 quasars have ∆m < 0.3 and all except one are even included within ∆m < 0.15.
In Figure 2 (b) we display the fraction of quasars, which are restricted by various cuts on ∆m, to all SDSS DR7/DR12 quasars with m i < 18.5. It becomes evident that any of the three restrictions on ∆m decreases the number of quasars at the lowest redshifts. At redshifts beyond z ≈ 1.0 the majority of quasars (> 99%) are included even when the stronger restriction of ∆m ≤ 0.15 is applied.
For the PS-ELQS quasar selection we thus reject extended sources using ∆m < 0.15 as our main criterion. Based on the SDSS DR7/DR12 quasar samples we estimate that this restriction has a completeness of 99.8% for quasars at z > 2.5. After applying the m i < 18.5 magnitude cut and the criterion to reject extended objects to our 74318 candidates, we retain 43430 sources.
Random Forest redshift regression and classification
Random Forests (Breiman 2001 ) are a supervised machine learning technique, that can be efficiently applied to multi- class classification or standard regression problems. The algorithm is non-parametric and avoids the problem of overfitting. In the past random forests have been successfully used on many astronomical data sets (Dubath et al. 2011; Richards et al. 2011; Carliles et al. 2010; Carrasco Kind & Brunner 2013) , including quasar classification (Carrasco et al. 2015) and redshift estimation (D'Isanto & Polsterer 2018). For any supervised machine learning technique, the results of the classifier (or regressor) are highly dependent on the training set. For our purposes we base our training set on quasars from the combined SDSS DR7 and DR12 quasar catalogs as well as on a spectroscopic sample of stars from SDSS DR13. These are essentially the same training sets used in (ELQS1), matched to the PS1 source catalog within 3.96 to obtain PS1 DR1 photometry. Table 1 provides the total numbers of stars and quasars in the different training sets used below.
After the photometric selection and the extended object rejection our candidate sample is still contaminated by stars and low redshift (z < 2.8) quasars. To enhance our efficiency we use the random forest classifier to reject obvious stellar contaminants and then estimate a photometric redshift with the random forest regressor to select only the z ≥ 2.8 quasars.
We use the scikit-learn ( python implementation of the random forest classifier and regressor with its default parameters unless otherwise noted.
Classification
To further enhance the efficiency of our selection we employ random forest classification. We classify our candidates into four different redshift classes ("vlowz" : 0 < z ≤ 1.5, "lowz" : 1.5 < z ≤ 2.2, "midz" : 2.2 < z ≤ 3.5, "highz" : 3.5 < z) and five different stellar spectral classes (A, F, G, K, M). The redshift classes are designed to split the quasars at redshifts where emission lines move from one passband into the next redder passband, introducing strong features in the corresponding flux ratios (see also, Richards et al. 2015) . For evaluation purposes we also summarize all stellar classes under the "STAR" label and all quasar classes under the "QSO" label, effectively resulting in a binary classification.
We combine the SDSS DR7Q/DR12Q quasars with the SDSS DR13 spectroscopic stars (see ELQS1) matched to PS1 photometry to form the classification training set. Our only requirement is that all objects are brighter than i SDSS < 21.5 to exclude very faint objects with substantial photometric uncertainties.
We test the performance of the classification for three subsets of the full training set with different features. The first uses the four adjacent flux ratios (g/r, r/i, i/z, z/y) of the five photometric PS1 bands and the PS1 i-band magnitude as features. For the second and third training set we first include the WISE W1 and W2 bands (PS1+W1W2) and for the third we also include all three 2MASS passbands (PS1+TMASS+W1W2). The feature set is expanded accordingly, when we include the WISE and 2MASS photometry, by adding the additional flux ratios (
) and the W1 and the J-band magnitude. We require each object in the subsets to have information in all used features (see constraints in Table 2), resulting in varying number of sources per data set. For each subset we calculate the best combination of hyperparameters for the classifier on a grid of n estimators= [200, 300, 400] , min samples splot= [2, 3, 4] , and max depth= [15, 20, 25] . As in the case for the photometric redshift regression, we apply five-fold cross-validation on the full training set using 80% of the sources for training and the remaining 20% for validation.
The best hyperparameters are evaluated using the F 1 score (Bishop 2006) . The F 1 score, which is also called the traditional F-measure or the balanced F-score, is the harmonic mean of the precision and the recall of the classification.
Here precision (p; or efficiency) is defined as the ratio of true positives to the sum of true and false positives and the recall (r; or completeness) is defined as the ratio of true positives to the sum of true positives and false negatives. Table 2 provides an overview of the best classification results for the three different subsets. The first three columns show the sizes of the training and validation sets for each subset, the constraints on the subset, and the features used. The last three columns provide the precision (p), recall (r) and F 1 measure for the "highz" quasar class as well as the binary classification between quasars ("QSO") and stars ("STAR"). We would like to stress that only 12 "highz" quasars were included in the PS1+W1W2+TMASS validation set (third row in Table 2 ) to determine the p, r and F 1 values for the "highz" class, introducing high stochastic uncertainties on those values.
The inclusion of flux ratios beyond the PS1 photometry leads to generally better classification results. On the downside, the sample sizes decrease with the addition of the WISE and 2MASS photometry, as we require all objects to have information in all features considered. When the training sets become too small, they will not be able to fully populate the available feature space and thus will lead to worse classifications. Additionally, small validation sets will introduce large errors on the classification metrics. As a result, the recall value and F 1 score of the "highz" class in the PS1+W1W2+TMASS set is worse than in the other two subsets, although more features are included.
Hence, we adopt the PS1+W1W2 subset as the best train- Table 2 ). The rows show the true labels (classes) of the objects, whereas the columns indicate the predicted labels (classes). Each entry shows the total number of objects of the true row label classified as the predicted column label. The percentages show the fraction of objects in that entry to the total number of objects in the row. The entries are color coded to highlight the entries with the majority of objects in each row.
ing and feature set for our classification problem (marked with in Table 2 ). It achieves the best classification results of all three subsets. The best hyperparameters for this set were evaluated to be n estimators= 400, min samples splot= 4, and max depth= 25.
A helpful visualization to understand the classification result is the confusion matrix. Each row of the matrix marks the true class of the objects within it, which are predicted to belong to different classes according to the columns of the matrix. The diagonal entries show the number of correctly classified objects, while all off-diagonal entries show the numbers of incorrectly classified objects. It provides a good overview over which classes are commonly confused and which can be separated easily with the features supplied to the classifier.
We display the entire confusion matrix for the PS1+W1W2 subset ( ) in Figure 3 . The individual entries show the number of objects belonging to the row class (true label) and classified as the column class (predicted label). The percentages below each entry are with respect to the total number of objects in the true class (full row). Therefore the percentages of the diagonal entries show the completeness with respect to its row/column label.
The quasar and star classes are well separated. The largest number of stellar contaminants enter in the "midz" quasar class (2.2 ≤ z ≤ 3.5). This is one redshift range, where the quasar distribution overlaps strongly with the stellar locus in optical color space. Indeed, the majority of quasars misclassified as stars also stem from this redshift class. Within the quasar classes "midz" and "lowz" quasars show the highest level of confusion with each other.
Photometric redshift regression
Our selection process rejects stars with the JKW2 color cut and galaxies due to their large difference in mean PSF and aperture magnitudes. Therefore, quasars at z < 2.8 become the dominant contaminants. We use random forest regression to calculate photometric redshifts, z reg , and then select quasar candidates with z reg ≥ 2.8.
The training set includes all SDSS DR7/DR12 quasars with full PS1 and WISE W1 and W2 photometry. We also build a smaller subset, limiting the full quasar training set to i < 18.5.
The features used for the random forest regression are the 6 adjacent flux ratios (g/r, r/i, i/z, z/y, y/W 1, W 1/W 2) from the five photometric bands of PS1 in addition to W1 and W2. We further add the PS1 i-band magnitude and the W 1 magnitude to the feature set. As discussed in ELQS1, including 2MASS photometry dramatically reduces the number of training objects and therefore does not allow for sufficient training in the large feature space.
We perform grid searches on the full training set and the magnitude limited subsample to determine the hyperparameters of the best regression model. The grid of hyperparameters includes the number of binary trees (n estimators= [200, 300, 500]), the minimum number of samples to be split (min samples splot= [2, 3, 4]), and the maximum depth of the tree (max depth= [15, 20, 25] ). To test the hyperparameters we use five-fold cross-validation on the full training set using each time 80% of the sources for training and the remaining 20% for validation.
The best hyperparameters are evaluated using the standard R 2 regression score,
where z spec,i are the true redshifts,z is the mean of all z spec,i , and the predicted redshift values are denoted by z reg,i . The other common metric in the literature assesses the goodness of the redshift estimation with redshift normalized residuals (δz = |z reg − z spec | /(1 + z spec )). Most studies report the fraction of quasars in the validation set with residuals smaller than a given threshold e.
where N tot denotes the total number of quasars in the validation set. Residual thresholds of e = 0.1, 0.2, and 0.3 are typically chosen in this context. We show the best results of the regression grid search for the full quasar training set and the magnitude limited subsample in Table 3 . While the magnitude limited subset (second row) achieves slightly better results, the training set is reduced to 10% of its full size. In addition, it will be additionally biased against higher redshift quasars, because they are generally fainter. Therefore we adopted the full quasar training set (marked with in Table 3 ). The best hyperparameters for this case are min samples split= 2, n estimators= 500, and max depth= 25. The resulting distribution of spectroscopic redshifts to random forest regression redshifts in the validation set are shown in Figure 4 . While the results at z 3 are mostly within the region of ∆z = |z spec − z reg | ≤ 0.3, a larger distribution of outliers persists at lower redshifts. a For the 5-fold cross validation the full data sets are split into a training (80%) and validation (20%) set . We provide the number of objects for each set in this column.
CONSTRUCTION OF THE PS-ELQS QUASAR CANDIDATE CATALOG
b We abbreviated flux ratios to "fl.r." in this column. a For the 5-fold cross validation the full data sets are split into a training (80%) and validation (20%) set . We provide the number of objects for each set in this column.
b Standard deviation of the residual of the photometric redshift estimate (regression redshift) and the measured spectroscopic redshift. Number of objects Table 3 ) as a function of photometric redshift estimate (regression redshift) and measured spectroscopic redshift, color coded by the number of objects per bin. The three solid black lines illustrate the ∆z = |zspec − zreg| = 0 diagonal and the ∆z ≤ 0.3 region.
We provide an overview over the candidate selection process in Figure 5 and Table 4 . The selection process begins with the parent sample of 2MASS and WISE AllWISE sources, which pass the JKW2 color cut and have reliable photometry (SNR(W1) ≥ 5, SNR(W2) ≥ 5, J > 0). We then match these sources to the PS1 photometry within a 3.96 aperture, requiring the objects to be brighter than i = 19.0 and fulfill ∆m ≤ 0.3. Furthermore all objects have to satisfy a range of quality flags. The full sql query is shown in Appendix E. After we retrieved the PS1 photometry for all remaining sources (74318), we apply the more stringent rejection of extended sources (∆m ≤ 0.15) and restrict the sample to all sources with i ≤ 18.5.
At this point we run the random forest regression and classification. The regression provides us with a regression redshift z reg , our photometric redshift estimate. The classification determines the most likely class of the object (rf mult class pred) and the summed probability of the object belonging to any of the quasar classes (rf qso prob). All objects that are generally classified as quasars ("QSO"), according to the binary classification, and have regression redshifts of z reg ≥ 2.8 form the PS-ELQS candidate sample. The PS-ELQS candidate sample selects a total of 432 known quasars from the literature, including 70 sources observed as part of the ELQS, which are then excluded from the candidate sample along with all other known sources. We visually inspect all unknown candidates for unreliable photometry. We reject all candidates, whose point spread function is blended with nearby sources, where image artifacts are evident or the source seems to be extended. After the exclusion of known quasars and the rejection of 40 candidates with unreliable photometry, the "Good" PS-ELQS candidate sample has a total of 334 objects. These candidates are then prioritized according to the criteria described in Table 5 .
Spectroscopic observations could successfully identify 290 good PS-ELQS candidates, of which 190 are quasars at z ≥ 2.8. A total of 44 good PS-ELQS candidates have not been observed yet, but are targeted in future observing campaigns. A list of the remaining PS-ELQS candidates is given in Table 10 in Appendix D.
6. SPECTROSCOPIC FOLLOW-UP OBSERVATIONS AND DATA REDUCTION Dedicated observational campaigns for the PS-ELQS began in fall 2017 after the candidate selection was frozen in. Observations were completed in June 2018. In this Section we will describe the observational setups and the data reduction procedure.
6.1. SOAR The focus of this quasar survey was the mostly unexplored area of the PS1 3π survey between galactic latitudes of −30 < b < 0. Therefore the majority of our observations were carried out with the Goodman High Throughput Spectrograph . Spectra were taken in 2017 October 6-10 , 2018 January 22-24, 2018 April 4-6, 2018 June 2-4. We used the 400 g/mm grating with central wavelengths of 6000Å and 7300Å. The first setup utilized the GG-385 blocking filter, whereas we used the GG-495 blocking filter for the second setup. The spectra have a wavelength coverage of ∼ 4000−8000Å and ∼ 5300−9300Å for the two different central wavelengths. We chose slit widths of 1. 0 or 1. 2 dependent on the weather conditions, resulting in spectral resolutions of R ≈ 830 and R ≈ 690, respectively. Exposure times varied between 3 min and 15 min depending on the target magnitude and the atmospheric transparency.
6.2. VATT Observations Identification spectroscopy in the northern hemisphere was carried out with the VATTSpec spectrograph on the Vatican Advanced Technology Telescope (VATT). Using the 300 g/mm grating blazed at 5000Å in first order, we achieved a resolution of R ∼ 1000 (1. 5 slit) and a coverage of ∼ 4000Å around our chosen central wavelength of ∼ 5850Å. 
MMT Observations
We followed up our newly discovered quasars with the Red Channel Spectrograph on the MMT. We used the 300 g/mm grating blazed at 1st/4800Å with central wavelengths of 5655Å, 5570Å and 5900Å. The grating has an approximate coverage of 3310Å and achieves a resolution of R ≈ 400 to 300 for the 1. 25 and the 1. 5 slits. Depending on the source and the weather conditions we chose exposure times of ∼ 3 − 15 min per spectrum. Observations were taken in 2017 October 20-21, 2017 November 16, and 2018 May 14.
Data reduction
We reduced the spectra with the long-slit reduction methods within the IRAF software package (Tody 1986 (Tody , 1993 . Standard bias subtraction, flat field correction and sky subtraction were applied. Sky subtraction and spectral extraction were done using the apall routine with optimal extraction (weights=variance) and cosmic ray reduction. The resulting low to medium signal-to-noise spectra allowed quasars to be easily identified by their broad emission lines. The wavelength calibration was based on internal lamps and spectral fluxes were initially calibrated using at least one spectrophotometric standard star per night. However, changing weather conditions did not allow for absolute flux calibration and we therefore scale the fluxes to match the observed PS1 r-band magnitudes. The spectra have not been corrected for telluric absorption features.
THE PS-ELQS QUASAR CATALOG
We conducted spectroscopic follow-up observations for 290 of our 334 good PS-ELQS candidates. We discovered a total of 218 new quasars, of which 190 are at z ≥ 2.8. The resulting PS-ELQS quasar catalog includes a total of 592 quasars at z ≥ 2.8:
• 285 quasars from DR14Q
• 190 newly discovered quasars (PS-ELQS)
• 54 quasars from ELQS
• 47 quasars from MQC
• 13 quasars from Yang, J. et al. (in preparation) • 3 quasars from DR7Q
Excluding the 40 candidates with unreliable photometry we could identify 592 quasars at z ≥ 2.8 out of 766 good candidates (= 806 − 40), of which 44 have not been observed. Therefore we calculate a minimum selection efficiency 77% (592/766) for the PS-ELQS quasar selection. For quasars at all redshifts our selection efficiency reaches ∼ 85% (650/766). Out of the 72 objects, which were identified not to be quasars at z ≥ 2.8, we classified 36 as stars (K:18, M:7, G:2, F:2, 1 cataclysmic variable, and 6 unidentified stars) and 14 as galaxies. The remaining 22 objects are not quasars at z ≥ 2.8, but have often too low signal-to-noise to classify them with certainty as a star, galaxy or low-redshift quasar. The random forest classification results on the validation set (see Figure 3) suggest a much higher efficiency of 99% for quasars at any redshift. The discrepancy with the much lower observed efficiency of 85% is likely to originate in differences between the training set and the photometric sample. As we do not apply the JKW2 color cut to the stars training set, because it results in an undersized sample size (314 objects), the distribution of stellar types in the training set is different than from the photometric candidate sample. For example, 42% of stars in the training set are K and M stars, while this ratio increases to 69% once the JKW2 color cut is applied to the training set. Therefore, the photometric candidate sample has likely a higher fraction of contaminants that can mimic quasars at z > 2.8, decreasing our overall efficiency.
The full PS-ELQS quasar catalog is published alongside this work in digital form. It also includes information on matches to GALEX, ROSAT 2RXS, and XMMSL2 (see Section 7.3 for details). Table 7 provides an overview over all the columns. Figure 6 shows a histogram of all good candidates in the PS-ELQS sample as a function of their dereddened PS1 i-band magnitude, m i . Known quasars at z ≥ 2.8 in the literature are colored dark blue, excluding the known objects published as part of the ELQS (orange). All 190 newly identified quasars at z ≥ 2.8 are shown in red, while all lower redshift quasars and non-quasars are shown in green. The remaining 44 good candidates are highlighted in grey.
We present the discovery spectra of all newly identified quasars at z ≥ 2.8 in Figure 9 in Appendix B. Additional identification spectra for new lower redshift quasars are shown in Figure 10 . All discovery spectra are sorted by redshift, beginning with the lowest redshift spectrum. A dark blue, orange and red colored bar at the top of each spectrum indicates the broad Lyα, Si IV and C IV emission lines at 1215Å, 1400Å, 1549Å (rest-frame). Strong artifacts, like cosmic rays, were removed using an iterative sigma-clipping procedure. The spectra are not smoothed and spectral fluxes are scaled according to the PS1 r-band photometric measurement. Redshifts for all newly discovered quasars were measured by visual comparison to a redshifted quasar template spectrum (Vanden Berk et al. 2001) . We estimate this method to have a redshift uncertainty of ∆z ≈ 0.02.
We calculate absolute magnitudes at 1450Å rest-frame, M 1450 from the dereddened PS1 i-band magnitudes for all quasars. This transformation includes a k-correction term that we estimate using a large grid of simulated quasar spectra. The simulated quasar spectra and synthetic PS1 magnitudes are generated by the simqso 9 package ). The code begins by building a quasar continuum from a number of specified power-law slopes. Broad and narrow emission lines are then added onto the continuum as well as Fe emission and an IGM absorption model for the Lyα-forest. Our model does not account for intrinsic extinction from the quasar host galaxy, as the survey is targeted at the unobscured UV-bright quasar population. We adopt the values of Schindler et al. (2018) to build the spectral model and calculate a large grid of quasars with 28 cells over m i = 14 − 18 and 53 cells across z = 0.2 − 5.5 with a total of 200 model spectra per cell. K-corrections are then calculated for each grid cell and interpolated to retrieve individual k-corrections for all newly identified quasars. Figure 7 shows all 592 quasars of the PS-ELQS quasar catalog as a function of their absolute magnitudes, M 1450 , and redshifts, z. Known quasars from the literature are divided into objects from the SDSS quasar catalogs (dark blue dots), sources from the MQC and Yang, J. et al. (in preparation, green triangles) , and the ELQS quasar catalog (orange circles). Newly discovered quasars identified with this work are highlighted as red diamonds. The black solid line shows the faint end magnitude limit of m i = 18.5 converted into M 1450 . Histograms depict the distributions along each axis.
We provide a list of all newly discovered quasars within the PS-ELQS quasar catalog (z ≥ 2.8) in Table 8 . It contains the position in equatorial coordinates, the PS1 i-band magnitude, the absolute magnitude at 1450Å, the determined spectroscopic redshift, near-and far-UV magnitudes from GALEX GR 6/7, and further notes. We provide the same information for all newly discovered quasars at z < 2.8 in Table 9 .
7.1. Quasar discoveries at low declinations The PS1 3π survey covers 3π steradian of the northern sky, including the entire SDSS footprint. Therefore the PS-ELQS extends the efforts of the SDSS quasar surveys to a new region of ∼ 9600 deg 2 . The majority of that area (∼ 5600 deg 2 ) is at lower declinations (Decl. = −30 − 0). The PS-ELQS quasar catalog contains 207 quasars at lower declinations, of which only 70 were known before. Therefore we approximately triple the known population of luminous intermediate redshift quasars in this region.
Notes on broad absorption line quasars
As part of the PS-ELQS we discovered a range of broad absorption line (BAL) quasars. Some of these objects have low-ionization BALs (LoBALs), showing broad absorption troughs from Mg II and some of them also show absorption from meta-stable Fe II (FeLoBALs). We provide notes on the redshift identification and the absorption properties for some BAL quasars below, where the redshift measurement from the broad emission lines is difficult due to the absorption features. This is not an exhaustive list of all PS-ELQS quasars with BAL absorption features. J003856.98-292224.3 This quasar is likely a FeLoBAL at z ≈ 2.27 ± 0.005 with strong nitrogen emission. The peak at ∼ 4150Å is N V in the observed frame and the narrower line at 5750Å is N III] at 
J023500.45+023829.2
This BAL quasars has a redshift of z = 1.975 ± 0.005, primarily identified by the 1900Å complex. There is a C IV mini-BAL at z = 1.96 and a C IV BAL at z = 1.85.
J033559. 99-132601.8 This LoBAL can be identified to be at z = 1.900 ± 0.005 from the narrow C IV and Al III emission. It displays absorption in C IV, Al III and Mg II.
J044756.84-230748.3
Based on multiple absorption lines arising from a near damped Lyα absorber this quasar has a redshift of at least z = 2.945 ± 0.005. It displays weak broad C IV emission from 5700 − 6300Å and weak broad 1900Å emission around 7100 − 7600Å. It has a LoBAL with Si IV, C IV, and Al III at z = 2.82 as well as a mini-BAL in N V, Si IV, C IV at z = 2.745. This quasar is at z = 1.91 ± 0.01 identified by the narrow C IV and Al III lines. It displays a FeLoBAL (Si IV, C IV, Al II, Al III, Fe III, Mg II), where the blue end of the troughs is around z = 1.76. It further has narrower Si IV, C IV, Al II, Al III, Fe II absorption around z = 1.893.
Cross-matches to GALEX, ROSAT 2RXS, and XMMSL2
To obtain near-and far-UV photometry, we cross-matched the PS-ELQS quasar catalog with the GALEX GR6/7 Data Release (Martin et al. 2005 ) within 2. 0. We obtained the available photometry in the far-and near-UV bands at 1350 − 1750Å and 1750 − 2750Å, respectively.
We could identify a total of 49 matches to the full PS-ELQS catalog, of which 17 were detections in both bands, 3 only in the far-UV band, and 29 only in the near-UV band. Of all 190 newly discovered quasars 4 have detections in both GALEX bands and another 7 are detected in the near-UV. The detections could potentially signal that the quasars' flux has not been fully absorbed by neutral hydrogen along the line of sight and thus these objects are likely promising targets for studies of He-reionization (e.g. Worseck et al. 2016 ).
In addition, we utilize the AllWISE counterparts to X-ray detections (Salvato et al. 2018 ) from the ROSAT (Truemper 1982) reprocessed 2RXS catalog (Boller et al. 2016 ) and the XMM Newton Slew 2 Survey (XMMSL2) to match the PS-ELQS quasar catalog with X-ray sources. We have matched the AllWISE positions of our sources to the AllWISE positions of the counterpart catalogs within a 1. 0 aperture.
There are a total of 12 matches between PS-ELQS and ROSAT 2RXS and 3 between PS-ELQS and XMMSL2.
Of the newly discovered quasars one, J124615.10+713923.6 at z = 3.995 has an X-ray counterpart in ROSAT 2RXS with f 0.1−2.4 keV = 2.26 · 10 −13 erg cm −2 s −1 at a distance of 62. 7. As the match distance implies this AllWISE source is not the most probable match to the X-ray source (TRXS match flag= 2) with a p i ≈ 0.24 relative probability to be the correct counterpart to the X-ray source among all possible AllWISE candidates. While we wanted to report this here for completeness, we would also like to caution to blindly associate the X-ray flux with the quasar.
Another new PS-ELQS quasar, J095947.52-103437.7 (z = 3.165), has a counterpart in XMMSL2.
We further want to report one a XMMSL2 counterpart for the quasar J171721.32+422428.3 (z = 3.495). The latter quasar was discovered during pilot observations of the ELQS (Schindler et al. 2018 ), but not selected to be in the ELQS quasar catalog. In both cases the AllWISE counterparts constitute the best match to the X-ray source and seem reliable. The counterpart to J095947.52-103437.7 has a 0.24 × 10 −12 erg cm −2 s −1 detection in the soft band and a flux of 0.67×10 −12 erg cm −2 s −1 in the total band. The X-ray counterpart to J171721.32+422428.3 was detected in the soft band with 0.94 × 10 −12 erg cm −2 s −1 and in the total band with 2.42 × 10 −12 erg cm −2 s −1 . Information on all GALEX, ROSAT 2RXS and XMMSL2 matches is included in the full PS-ELQS quasar catalog (see Table 7 ).
DISCUSSION 8.1. PS-ELQS Completeness estimates
The goal of the PS-ELQS was to extend the novel quasar selection method of the ELQS to a much larger area. However, the final PS-ELQS quasar catalog includes only 343 quasars with m i ≤ 18.0 at z ≥ 2.8 compared to the 407 quasars in the ELQS quasar catalog. A further comparison to the DR14Q showed that we only recover roughly 56% (71%, 89%) of the bright (m i ≤ 18.0) quasars at at z ≥ 2.8 (z ≥ 3.0, z ≥ 3.5), indicating that the PS-ELQS missed quasars at z ≤ 3.5 compared to the ELQS.
In order to understand this difference and characterize the biases in our selection we calculated the PS-ELQS completeness for the random forest classification and redshift estimation. The selection function is estimated based on the sample of simulated quasars, which were used to determine the kcorrection described in Section 7.
The PS-ELQS completeness of the quasar selection based on the random forest classification is shown in panel (a) of Figure 8 . The results are generally independent of the i-band magnitude, but show clear features as a function of redshift. There are two redshift ranges, z ≈ 3.2 − 3.5 and z ≈ 3.7 − 4.0, where the completeness drops to 75% − 85%. In the absence of u-band photometry these redshift ranges can be associated with stellar confusion. At z ≥ 5 our completeness drops steeply, analogous to ELQS2. The absence of quasars at these redshifts and magnitudes in the training set results in incorrect classifications.
Panel (b) of Figure 8 shows the selection function resulting from the redshift selection based on the random forest regression (photometric redshift estimation). While we should select all quasars with z reg ≥ 2.8, we miss the majority (> 50%) of sources between z = 2.8 and z = 3.5. This effect clearly explains why the PS-ELQS missed many known quasars at z ≤ 3.5, which were selected by the original ELQS.
As the main difference of the PS-ELQS to the ELQS is the optical photometry, we suspect that our decreased completeness at lower redshifts is a result of the missing u-band photometry in PS1. In order to test this, we add the SDSS u-band photometry to the number of features for the random forest and rerun our completeness calculation. The selection functions for the re-run classification and redshift selections are displayed in panels (c) and (d) of Figure 8 . The results clearly confirm our suspicion. Comparing panels (a) and (c) highlights how adding the u-band visibly improves the classification selection at z ≈ 3.2 − 3.5 and z ≈ 3.7 − 4.0. Furthermore, panels (b) and (d) emphasize that the missing u-band in PS1 is the cause for the low completeness at z ≤ 3.5 for PS-ELQS. A second look at the comparison between photometric redshifts and spectroscopic values in Figure 4 shows that the quasars at z ≥ 2.5 are predominantly found below the z spec = z reg diagonal line. This translates into a bias on our photometric redshift estimates towards lower values, which in turn causes the low completeness in the redshift selection between z = 2.8 and z = 3.5.
Applications for the PS-ELQS quasar sample
In spite of the shortcomings of the PS-ELQS selection due to the missing u-band photometry of PS1, the PS-ELQS provides the most complete sample of extremely luminous quasars at z = 3.5 − 5.0. Our survey covered around 21, 486 deg 2 , making it the largest homogeneous spectroscopic quasar survey at these redshifts. We have successfully discovered 190 new quasars at z ≥ 2.8, tripling the known quasars at Decl. ≤ 0 in the PS-ELQS quasar catalog.
Our area coverage and the high completeness at z = 3.5 − 5.0 makes the PS-ELQS quasar sample uniquely equipped to constrain the volume density of extremely luminous quasars at intermediate redshifts. This is our first science goal, once the remaining 44 quasar candidates are observed to guarantee spectroscopic completeness. Four of our newly discovered quasars at z = 2.900, 2.905, 2.905 and 3.320 have far-and near-UV fluxes as measured by GALEX. We have visually confirmed these detections in GALEX photometry. These objects provide promising targets to investigate the He-reionization of the universe. In general, the PS-ELQS quasars' strong flux facilitates efficient high resolution spectroscopy to characterize the Lyman-α forest and intervening absorption systems.
From the PS-ELQS quasar catalog we have already identified five potential quasar pairs with angular separations of ≤ 30 arcmin and proper distances of ≤ 20 h −1 Mpc as well as an association of three quasars with larger angular distances but similar redshifts. We provide details for all of these objects in Table 6 . The relative distances are always measured with respect to the first object in the pair or association.
These quasar associations demonstrate the value of the PS-ELQS sample for quasar clustering measurements. Previous measurements on quasar clustering (e.g. Myers et al. 2006 Myers et al. , 2007 Shen et al. 2007; daÂngela et al. 2008; Ross et al. 2009; White et al. 2012; Eftekharzadeh et al. 2015; Rodríguez-Torres et al. 2017; Timlin et al. 2018) have shown that these populations show a high level of clustering and that quasars are inferred to reside in dark matter haloes of 10 12 h −1 M at most redshifts. Due to its size the PS-ELQS quasar sample will only allow for a very sparse measurement, however, the number of quasars should allow to constrain the minimum dark matter halo mass for this extremely luminous population at z ∼ 3.8. In combination with the measurement of the ELQS quasar luminosity function (Schindler et al. 2019 ), one will be able to place constraints on the duty cycle of these rare objects.
9. CONCLUSIONS We present the results of the PS-ELQS, a spectroscopic quasar survey covering ∼ 21486 deg 2 of the 3π PS1 footprint. We apply the successful quasar selection strategy of the ELQS survey in the SDSS footprint to this larger area using the PS1 photometry. The candidates are selected based on a JKW2 color cut using 2MASS J and K s , and AllWISE W2 photometry. Random forest photometric redshift estimation and classification on all Pan-STARRS PS1 and AllWISE W1 and W2 photometric bands lead to a highly efficient (≥ 77%) quasar selection.
We select a total of 806 bright (m i ≤ 18.5) quasar candidates with regression redshifts of z reg ≥ 2.8. After the exclusion of 428 sources known in the literature, of which 70 were identified with the ELQS survey, we have rejected 40 candidates during visual inspection of their photometry.
We have selected a total of 334 good candidates for spectroscopic follow-up observations and were able to observe 290 of the objects with the SOAR telescope, the MMT and the VATT. We have discovered a total of 218 new quasars, of which 190 are at z ≥ 2.8. Based on our quasar selection we have constructed the PS-ELQS quasar catalog with a total of 592 quasars, including the 190 newly discovered quasars at z ≥ 2.8.
Estimates of the PS-ELQS completeness for the classification and photometric redshift selections, show that the missing u-band photometry of PS1 lowers our completeness to select quasars at z = 2.8 − 3.5. This effect explains the low numbers of z < 3.5 quasars compared to the original ELQS selection. However, not accounting for the photometric completeness of PS1, the PS-ELQS general completeness at z = 3.5 − 5.0 is consistently above 70%. As a result, the PS-ELQS provides the most complete sample of extremely luminous quasars at z = 3.5 − 5.0.
A range of scientific applications will be able to leverage the information of this sample. For example, it is uniquely equipped to constrain the volume density of intermediate redshift extremely luminous quasars, to provide insight into quasar clustering of this rare population, and to facilitate studies of the intergalactic medium.
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